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A study on the analytical method for calculating the inside
air temperature transient and energy consumption load of
the building using two different controllers

Kyu-I1 HAN
Department of Mechanical System Engineering, Pukyong National University, Busan 608-739, Korea

Four different buildings having various wall construction are analyzed for the effect of wall mass on the
thermal performance and inside building air and wall temperature transient and also for calculating the
energy consumption load. This analytical study was motivated by the experimental work of Burch et al. An
analytical solution of one-dimensional, linear, partial differential equations is obtained using the Laplace
transform method, Bromwich and modified Bromwich contour method. A simple dynamic model using
steady state analysis as simplified methods is developed and results of energy consumption loads are
compared with results obtained using the analytical solution. Typical Meteorological Year data are
processed to yield hourly average monthly values. This study is conducted using weather data from two
different locations in Korea: Daegu having severe weather in summer and winter and Jeju having mild
weather almost all year round. There is a significant wall mass effect on the thermal performance of a
building in mild weather condition. Buildings of heavyweight construction with insulation show the highest
comfort level in mild weather condition. A proportional controller provides the higher comfort level in
comparison with buildings using on-off controller. The steady state analysis gives an accurate estimate of
energy load for all types of construction. Finally, it appears that both mass and wall insulation are important
factors in the thermal performance of buildings, but their relative merits should be decided in each building

by a strict analysis of the building layout, weather conditions and site condition.

Keywords: Energy consumption load, Wall mass effect, Comfort level, Proportional control, Heavy weight

construction
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Fig. 1. Building system for simulation.
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14 Table 1. Energy consumption loads (on-off controller)
30 . Energy consumption load
City, month, house #
06 26 #2 Y (MlJ/day)
- 2 Jeju, August, #1 1.568
w189 Jeju, August, #2 0.079
é 14 Jeju, August, #3 0.623
g 30 Jeju, August, #4 0.245
2 264 #3 -
5 994 N Jeju, January, #1 5.346
- Jeju, January, #2 5.224
z L. Jeju, January, #3 8.786
o) .
2 3 Jeju, January, #4 5.675
26 #4 Daegu, August, #1 3.425
22 4 JURUUTR RN — Daegu, August, #2 2.688
18 - Daegu, August, #3 7.098
14 —————T—T—T Daegu, August, #4 3.232
0 72 144 21.6 288 36.0 43.2 504 57.6 64.8 72.0 79.2 86.4 D I 4 12124
Time (sec) % 10° aegu, January, .
Daegu, January, #2 11.537
Fig. 6 Wall temperature (7;) variation for four simulated Daegu, January, #3 24.453
houses (on-off controller Daegu, January). Daegu, January, #4 12.334
Table 2. Comparison when different Q' s are used for on-off control
City, Q Load Ta To T oTa oTy oTL oTs
month, W M - -
house# (W) (M7) §e) (O
Jei -150 5.55 22.18 31.72 22.60 0.61 6.52 0.37 0.62
AeJ“ -200 5.45 2221 31.60 22.69 0.59 6.47 0.36 0.63
:1g -400 5.27 22.29 31.58 22.77 0.55 6.48 0.34 0.62
-800 5.19 22.34 31.57 22.80 0.54 6.49 0.34 0.63
Jeiu -150 5.26 22.17 31.24 22.53 0.69 0.52 0.24 0.70
AJ -200 4.99 22.37 31.02 22.67 0.62 5.00 0.18 0.71
;f' -400 4.98 22.49 31.28 22.78 0.56 5.09 0.17 0.71
-800 5.37 22.48 31.33 22.86 0.55 5.04 0.16 0.70
Daceu -150 11.53 22.19 5.17 21.21 0.60 8.87 0.39 0.61
Jang -200 11.19 22.93 5.27 21.06 0.60 8.87 0.40 0.60
#1' -400 11.29 21.87 5.26 21.00 0.59 8.83 0.40 0.61
-800 11.20 21.83 5.19 20.97 0.57 8.83 0.39 0.60
Dae -150 11.33 22.16 4.55 21.22 0.67 6.79 0.20 0.68
Jar;gu -200 11.21 21.88 4.56 20.98 0.62 6.74 0.24 0.64
#4' -400 11.20 21.82 4.62 20.86 0.61 6.77 0.26 0.63
-800 11.24 21.64 4.67 20.82 0.59 6.78 0.27 0.64
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Table 3. Energy consumption loads (proportional
controller, I'= 250 W/°C)
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Y
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e

. Energy consumption load 72:‘ E
City, month, house # MI/d o s o
(My/day) 2 ATE sste] de AR BT 2t
(heating, cooling) Uallo} o] Lo m A 1l A RE ZFO 9 1}E 7
* Jeju, August, #1 4224 (2.255,1.769) - RS IR AFE 222 v ]
Jeju, August, #2 0.678 = 20 = A Y= HHe AgF aart
JeJ‘u, August, #3 2.204  (1.630, 0.574) Zﬂ%(—ﬂ oEﬂ /pé%oﬂ UH‘?“ %9‘_ :l' 7;194E. L]—E]—}f,}l:]-
Jeju, August, #4 0.746 | G o = st o] 2o
* Jeju, January, #1 5.933  (4.826,1.107) __' TEES © =
Jeju, January, #2 3.669 o] 7]Ql5t= Ao = AlmHTH
Jeju, January, 3 7754 AT #2, #40k ol BAA o 37 Wapo] B
Jeju, January, #4 3.922 7‘] o HX1 o /\]__9__]_ = o] _Q_§]_‘} ]?‘r 27 Oﬂ
LN A = §__ il i _q__ 7 a4l
* Daegu, August, #1 4101 (0.318,3.783) o= E‘f = - .
Daegu, August, #2 3.004 A2 dgdes BoFrt. o] 4 Y-S
Daegu, August, #37.583 81X Ire Wb A% ohe) 2wl A4
Daegu, August, #4 3.135 -
2ol Aol 18] 27 Yokt
Daegu, January, #1 10.546 = B o
Daegu, January, #2 9.525 H g4 =247 5 AFESEES w7t 7R
Dacgu, January, #3 21887 4 LEZAIE ALAAS Yrch L ot
Daegu, January, #4 10.006 - . B
22 HolRYrh tEL AN LExH)
Table 4. Comparison of cycling time in seconds (on-off controller, simple dynamic model)
City, month, Result type
house# 1 2 3 4 5
Jeju, Aug., #1 500, 212 545,225 -, 269 -, 188 -, 169
Jeju, Aug., #2 789, 212 947, 200 -, 241 -, 189 -, 177
Jeju, Aug., #3 445, 245 468, 240 497, 231 453,228 544,225
Jeju, Aug., #4 700, 234 751,235 -,210 -, 191 -, 178
Daegu, Jan., #1 258, 360 253,368 333, 609 206, 625 200, 957
Daegu, Jan., #2 237,479 229, 460 240, 606 208, 597 192, -
Daegu, Jan., #3 595,229 580,218 736,219 439,229 522,236
Daegu, Jan., #4 235, 449 231, 441 243,527 215,522 205, 1172
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